ABSTRACT Changes in serum lipids, serum glucose, and gonadal development during maturation of Colinus virginianus were determined in two trials. In Trial 1, sex, BW, and serum concentrations of total cholesterol, high, low, and very low density lipoprotein cholesterol, triglycerides, and glucose were determined every 2 d from 2 to 14 d and weekly from 21 to 49 d. Relative ovary or testis weights between 14 and 49 d were determined weekly. Body weight increased and all measured serum constituents changed in males and females between 2 and 49 d; however, relative testis weight decreased between 14 and 49 d. In Trial 2, sex, BW, cholesterol, and relative ovary and testis weights
INTRODUCTION
Growth and accumulation of body fat in birds prior to sexual maturity are known to influence the development of reproductive organs (Brake et ah, 1985) . In birds, cholesterol is essential for growth and reproduction, is involved in the transport of fat through the bloodstream as a major lipoprotein constituent (Friedwald et ah, 1972; Brown and Goldstein, 1989; Rifai et ah, 1992) , and is a precursor molecule for the synthesis of sex steroids in the gonads (Tepperman, 1981) . The relationships between BW, testis weights, and plasma cholesterol have been investigated in different lines of Japanese quail (Marks and Washburn, 1991) .
Studies conducted in vitro have indicated that avian adipocyte lipolysis is highly regulated (Leclercq, 1984) , and changes in blood glucose concentrations are intimately associated with lipid metabolism (Hazelwood, 1986; Furuse et ah, 1991) and circulating triglyceride, cholesterol, low density lipoprotein (LDL), and very low were determined in birds at 56 and 63 d of age. The distinctness of external sexual phenotype and its relationship to BW, cholesterol, and relative gonadal weight were also determined at 56 and 63 d. Body weight increased and serum cholesterol decreased in both sexes between 56 and 63 d, but had no association with the distinctness of external sexual phenotype. It was concluded that the development of external sexual identity in male and female Northern Bobwhite quail prior to sexual maturity was not related to changes in BW, gonad weight, serum lipids, or serum glucose before 63 d of age.
1996 Poultry Science 75:1411-1416 density lipoprotein (VLDL) concentrations in birds (Furuse et ah, 1990) . Furthermore, other studies in mammalian species have shown that there are sex differences in the associations between visceral fat accumulation and serum lipids (Leenan et ah, 1992) , and that reproductive status is associated with circulating concentrations of various serum lipids, including triglycerides and cholesterol (Yanagibori et ah, 1993) .
The development of sexually distinguishable plumages in birds are associated with the differentiation and growth of the gonads (Wingfield and Farner, 1993) ; however, it is often difficult to determine the sex of some Bobwhite quail externally before approximately 12 wk of age (Ballard et ah, 1994) . Sexually indistinctive feathering in some birds in conjunction with distinctive feathering in others, is most prevalent approximately 13 to 14 wk prior to sexual maturity in Bobwhite quail. Quail that are subjected to the same photoperiod as in this study will also become sexually mature at about 22 wk of age, with females reaching maturity prior to males (Ballard et ah, 1994) .
Studies of changes in serum lipids, including cholesterol, during growth in male and female Bobwhite quail are not found in the literature. High density lipoproteins, rather than LDL, are the usual major class of lipoproteins in avian species (Hermier and Dillon, 1992) ; however, there is also a paucity of information on circulating HDL concentrations in birds prior to sexual (Key words: Bobwhite quail, gonad size, serum lipids) maturity. This study, therefore, was conducted to examine gonadal development and its relationship to changes in BW, and serum lipids and glucose throughout juvenile development in male and female Northern Bobwhite quail. Because differences exist in the distinctness of sexually related plumages of some birds between 56 and 63 d of age, associations between changes in body and gonad weights and serum cholesterol and the distinctness of external sexual phenotype at these times were also determined.
MATERIALS AND METHODS

General
Meat-type Northern Bobwhite quail, developed in Mississippi and commonly referred to as "Cunningham Birds" (Ballard et ah, 1994) were maintained on a 16 h light (L):8 h dark (D) photoperiod from hatch. Feed and water were provided for ad libitum consumption. All quail received a standard starter diet from 0 to 6 wk of age and a standard grower diet after 6 wk of age. Both diets met or exceeded all National Research Council (1995) 2, 4, 6, 8, 10, 12, 14, 21, 28, 35, 42 , and 49 d of age. Within each pen and at each time period, 4 to 10 birds were sampled. Each bird was weighed and blood was collected from the jugular vein into a nonheparinized tube. Birds were killed by cervical dislocation after blood was obtained. Approximately 0.5 to 1.0 mL of blood, depending on bird size, was collected between 0900 and 1200 h on each sampling day. The blood was then centrifuged at 1,000 x g for 10 min to express serum. Samples were stored at -20 C postcentrifugation. A 10-£iL serum sample, for each serum constituent measured and from each bird, was analyzed in an Ektachem DT-60 analyzer 5 according to the procedure of Elliot (1984) . Serum constituents measured were cholesterol, HDL cholesterol (HDLC), triglycerides, and glucose. Concentrations of VLDL cholesterol (VLDLC) were estimated as triglycerides/5, and LDL cholesterol (LDLC) as the difference between cholesterol and the combined concentrations of HDLC and VLDLC (Friedwald et ah, 1972) .
After each bird was killed, sex was determined by gross observation of the gonads. In addition, gonad weights at 14,28, 35,42, and and adjusted to BW for determination of relative ovary or testis weights.
Trial 2. Bobwhite quail were taken at random from a single battery of unsexed birds that originated from the same population as in Trial 1. Forty quail were sampled at 56 d, and 54 quail were sampled at 63 d of age. As birds were sampled, each bird's external sexual phenotype was recorded as either sexually distinguishable or indistinguishable by a single observer. The distinctness of external sexual phenotype of the birds was based on feather color pattern and head morphology (Ballard et ah, 1994) . All young, immature quail, eventually classified as either sexually distinguishable or indistinguishable phenotypically, initially have eye patch feathers with a light brown or neutral appearance. These feathers are replaced by white feathers in distinguishable males and darker brown or tan feathers in distinguishable females between 56 and 63 d. However, male and female birds that remain indistinguishable at this time have eye patch feathers that look much like those of younger birds; that is, light brown feathers commingled with white feathers. The feathers of the indistinguishable birds are eventually replaced by feathers similar to those in the distinguishable males or females at a later time. Each bird was weighed, then blood and gonad samples were collected as described in Trial 1. Indistinguishable quail were classified as male or female only after confirmation by gross observation of the gonads, and the gonadal and phenotypic sexes of all distinguishable quail coincided. Sex, serum cholesterol, and relative ovarian and testis weight determinations were also made as in Trial 1.
Statistical Analysis
In both trials, a completely randomized experimental design was utilized. In addition, all data, except that for relative ovary and testis weights in both trials and BW and serum cholesterol in Trial 2, were arranged in a split-plot analysis with sex as the whole-plot and age as the subplot factor. A one-way analysis for relative ovary and testis weights in Trial 1 was utilized to test for the effects of bird age. In Trial 2, relative ovary and testis weight data were arranged in a 2 (external sexual distinctness) x 2 (age) factorial arrangement, and BW and serum cholesterol were analyzed in a 2 (external sexual distinctness) x 2 (sex) x 2 (age) factorial arrangement. Each battery level represented a single replicate in Trial 1, and each bird represented a single replicate in Trial 2. Fisher's protected LSD was utilized to separate means when a significant main effect was observed or to compare subclass means when interactions were significant. All SEM are based on a pooled estimate of variance. Correlations between parameters were determined by Pearson Product Moment Correlation (Steel and Torrie, 1980) . All data were analyzed using the General Linear Models procedure of SAS® (SAS Institute, 1988) . Statements of statistical significance were based on P < 0.05 unless otherwise indicated. 
RESULTS AND DISCUSSION
There was no sex effect or age by sex interaction for BW in Trial 1; therefore, BW data were pooled across sex. Body weight increased progressively overall for all birds between 2 and 49 d in Trial 1 (P < 0.0001; Table 1 ) and between 56 and 63 d in Trial 2 (P < 0.0001). In Trial 2, mean BW of all birds at 56 and 63 d, respectively, were 210.3 and 236.6 g (SEM = 3.53). There were no BW differences between the sexes or external sexual distinctness groups and no interactions involving age, sex, or external sexual distinctness in Trial 2. However, BW for phenotypically distinguishable and indistinguishable males and females at 56 and 63 d are given in Table 3 for observation. Increased BW and body fat are known to influence the development of reproductive organs (Brake et al., 1985) and reproductive capacity (Frisch, 1984) . Ballard et al. (1994) have reported that BW in male Bobwhite quail were heavier than females at 14 and 16 wk of age. The lipid content of meat without the skin from the males was likewise higher than that from the females during those same times (Ballard, 1991) . However, there were no apparent sex differences in BW between 2 and 49 d, and at 56 and 63 d of age in the quail of the present study. Furthermore, the distinctness of external sexual dimorphisms at 56 and 63 d was not related to BW. These data would suggest that the ages at which quail become sexually distinct externally are not associated with BW and are likely not influenced by body fat prior to 63 d of age.
Data reported by Steigner et al. (1992) and Anthony et al. (1993) may provide some explanation for the lack of a direct relationship between the development of external sexual identity and BW. In examining the effects of various traits in Japanese quail associated with the onset of sexual maturity, it was found in both studies that females selected for high 4-wk BW reached sexual maturity at the same times as those from a randombred control line. In addition, the entrance into sexual maturity was primarily driven by skeletal and lean body development (Anthony et al., 1993) . Associations between changes in BW and maturation processes in birds may, therefore, not be consistent and may vary with age and species. A more specific examination of the changes in the skeletal and lean body masses of juvenile Bobwhite quail may also reveal a closer relationship to sexual phenotypic distinctness than overall BW.
In Trial 1, relative testicular weight changed significantly (P < 0.0004) with age, but relative ovarian weight increased numerically in females between 28 and 49 d of age; however, relative testicular weight was significantly lower in males at 49 d than in males at 14 or 28 d of age (Table 1) . Decreased relative testis weights in the Bobwhite quail after 28 d, particularly by 49 d, appears to have occurred due to continued increases in BW, whereas testicular growth slowed after a rapid growth phase prior to 28 d of age. Furthermore, absolute ovarian weight increased significantly between 14 and 49 d, and the only significant increase in absolute testis weights occurred between 14 and 28 d of age. The slowing of absolute testicular growth in these quail would probably not be a result of photorefractoriness. Follett and Nicholls (1985) have shown that quail not only respond to increased day lengths by growing their gonads, but in contrast with other wild species remain reproductively active for an indefinite time on photoperiods longer than about 12 h. Within 10 d, both paired testes and ovary weights in adult Bobwhite quail have been shown to increase significantly in response to a stimulatory (14L:10D) photoperiod (Cain and Lien, 1985) . Neither absolute nor relative weights of the testes and ovaries changed significantly between 56 and 63 d in Trial 2, and there were no significant differences between the external sexual distinctness groups or age by external sexual distinctness interactions. Relative ovarian and testicular weights in phenotypically distinguishable and indistinguishable quail at 56 and 63 d are given in Table 3 . Additionally, there were no significant correlations between BW and relative gonad weights in either of the two sexual phenotype distinctness groups in Trial 2. Mean relative testis weights at 56 and 63 d were 0.952 and 0.884 (SEM = 0.053), respectively, and relative ovarian weights at 56 and 63 d were 2.884 and 2.596 (SEM = 0.178), respectively. Sex steroids in birds are known to be synthesized in the gonads of both the male (Johnson, 1986a) and female (Johnson, 1986b) . The development of external sexual phenotypic dimorphisms and sexual behavior are largely controlled by steroid hormones and, therefore, generally parallel the differentiation and growth of the gonads. Under the influence of estrogens, avian species, including Japanese quail, generally develop a femaletype plumage. In the absence of this hormonal stimulus, a male-type plumage develops (Hutchison, 1978) . Photostimulated male Japanese quail, at the age of 32 to 36 d posthatch, reach sexual maturity when testis weight and plasma testosterone sharply increase Brinkley, 1978,1979) . Peak concentrations of testosterone have been shown to follow maximal testicular weight in these quail (Follett and Maung, 1978) . Cockerels also experience a phase of rapid testicular growth and an increase in plasma testosterone during the onset of puberty between 16 and 24 wk of age (Johnson, 1986a) .
Fifty-six day-old quail have indistinctive feathering that results in up to 20% of the birds being incorrectly sexed, whereas at 70 d, 98% accuracy can be achieved in sexing by using differences in male and female feather patterns (Ballard et al., 1994) . Fertility has also previously been observed to be lower in Northern Bobwhite quail that were sexed between 56 and 84 d of age and were indistinguishable in external sexual phenotype than in quail that were distinguishable (T. W. Smith and R. L. Haynes, unpublished data, 1994) . Relative ovary size increased numerically in females between 28 and 63 d in this study, but male Bobwhite quail experienced a significant decrease in relative testicular weight between 28 and 49 d. This led to a relative delay in rate of gonadal development in males in comparison to females. As increased testosterone secretion from the testes of other birds (Johnson, 1986a) is coincidental with rapid increases in testis weights, it may be presumed that testosterone secretion also remained delayed from the Bobwhite testes prior to 63 d and may affect the point at which males become distinct in their phenotypic sex. Under the same photostimulatory conditions in this study, quail will reach sexual maturity at about 22 wk (Ballard et al., 1994) , with the males becoming sexually mature approximately 2 wk after females (T. W. Smith and R. L. Haynes, unpublished data, 1994) . Nevertheless, there was no association between external sexual distinctness and relative or absolute gonad weights in males and females. Therefore, external sexual phenotypic dimorphism in Bobwhite quail does not appear to be controlled by gonadal development as does the onset of sexual maturity.
Significant age effects for triglycerides and VLDLC (P < 0.01) and for cholesterol, HDLC, LDLC, and glucose (P < 0.0001) were observed between 2 and 49 d in Trial 1. However, there were no sex effects or age by sex interactions noted for any serum constituent examined. Mean values for each of the blood parameters at the various time periods are given in Table 2 . Serum cholesterol, LDLC, and HDLC concentrations decreased during the first 8 d posthatch in both sexes, and triglyceride and VLDLC concentrations peaked at Day 4, decreased again at Day 6, and remained fairly constant thereafter through Day 49 in Trial 1. Serum glucose peaked at 35 d and remained elevated through 49 d. Serum cholesterol decreased (P < 0.0001) in both males and females between 56 and 63 d in Trial 2. Mean serum cholesterol of all birds at 56 and 63 d, respectively, were 147.6 and 119.1 mg/dL (SEM = 3.81). Decreases in serum cholesterol and related lipoproteins through 8 d of age correspond to the depletion of yolk sac stores. Serum cholesterol in broiler chickens was found to be consistently higher in males than females between 14 and 42 d of age (Cheaney et ah, 1993) . In mammalian studies, body fat mass, glucose utilization, and serum lipids including triglycerides, cholesterol, and lipoprotein concentrations have been shown to be interrelated (Ferrannini et ah, 1991) , and cholesterol has been shown to be positively related to adiposity in males (Schwartz and Kemnitz, 1992) . However, there were no significant differences in cholesterol between sexes or phenotypic distinctness groups and no interactions involving age, sex, or external sexual distinctness in this study. Serum cholesterol concentrations in phenotypically distinguishable and indistinguishable males and females at 56 and 63 d are shown in Table 3 . In addition, there were no significant correlations between cholesterol and relative gonad weights in either of the two phenotypic distinctness groups in Trial 2. Increases in triglyceride and VLDLC concentrations between 6 and 35 d, and decreased concentrations after 35 d of age, may be related to changes in liver metabolism, but not with sexual development. It was concluded that changes in BW and fluctuations in serum lipids and glucose throughout the juvenile period in C. virginianus were not significantly influenced by sex. The development of external sexual identity during this time was also clearly not related to discrete changes in gonadal weight as well as BW, and serum lipids and glucose. Efforts to nondestructively determine the sex of phenotypically indistinct Bobwhite quail prior to 63 d of age must obviously include the examination of other functional parameters not described in this study. Neuroendocrine changes in these juvenile birds would need to be monitored, and as gonad size may not exactly dictate the rate at which sex hormones are secreted, it is suggested that further work examine the gonadal hormone concentrations in juveniles of both sexes and their relationships to external sexual phenotypic dimorphisms.
